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Abstract 
This paper will elaborate on the possibilities and influencing factors for revamp and upgrade projects for sulphuric acid plants and 
OUTOTECs possible contribution to a successful execution of such projects. 
Main drivers to execute revamp project will be discussed: e.g. changing environmental requirements, increased demand for acid 
production, increased demand for energy production as byproduct or changes in production profile. Other aspects might target 
lower operating costs, better availability or longer operating periods between shutdowns. Finally, worn-out equipment must be 
replaced and decision must be taken either to go like-for-like or to use the chance to combine the replacement with an upgrade to 
more developed solutions. 
The paper will also cover the various aspects and influencing factors, which contribute to the decision making in a revamp project. 
Such aspects might be budget or schedule restrictions as well as restricted resources for labour and material at site during the 
execution of the project. 
OUTOTEC will present its portfolio of possible services covering engineering, procurement, construction, commissioning as well 
as operating and maintenance support, spare parts business or operator training. Depending on the project setup the split of scope 
and responsibilities has to be carefully chosen and agreed between the involved parties to obtain the optimum result. 
The presentation will provide examples of executed revamp and modernization projects of the recent past. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Plant lifecycle – seldom a once through exercise 
Sulphuric acid is one of the basic industrial commodities and is widely used in various industries. 
Production of sulphuric acid is considered as one of the basic foundation technologies of modern industries and 
import, export, trade and consumption can be taken as benchmark figures for industrial development of an industrial 
region. 
While the targeted design plant life is usually assumed with 25 years for design purposes it is very unlikely that an 
operating plant will remain unchanged over such a period and be put out of operation when this time has elapsed. 
In fact it is very common that the plants are kept alive as long as reasonably possible to provide earnings. There are 
many examples for plants with age of several decades to more than half a century but none of these plants is still in 
original condition.  
Changes to plant and equipment therein are very likely to improve performance, reliability or to adopt to changing 
business needs. While in most cases these changes only affect portions of the plant the result is virtual new plant with 
a restarted lifecycle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Sulphuric Acid Plant Revampts and Upgrades 
2. Main drivers for revamps and upgrades 
The main drivers can be separated in three main areas as external requirements, internal requirements such as 
business needs and maintenance requirements. 
Looking at the external requirements a revamp project will in many cases be necessary to comply with changing 
environmental aspects. These can widely differ depending on plant location and could cover for instance: 
- reduction in allowable emissions on SO2, SO3 or H2SO4 
- reduction of allowable noise levels for the plant 
- energy saving requirements.  
Internal requirements are based on management decisions to improve competitiveness of the production facility 
and will relate in many cases to  
- increasing production rate (mostly triggered by up- or downstream processes),  
- changing feed stock (eg. higher SO2 tenor in incoming gas for metallurgical acid plants), 
- changing products (eg additional products like oleum, SO2, SO3, steam or energy) 
- changing product quality requirements (eg. Reduction of Hg or As levels in product acid) or 
- decreasing energy consumption.  
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Maintenance requirements are in many cases directly connected to internal requirements and can range from safety 
aspects or increase of availability and reliability via debottlenecking and improvements to complete replacement of 
plant items or sections due to end of equipment lifetime. Examples for such maintenance induced revamps are 
- partial repairs of equipment and internals (eg. bricklining, acid distributors, demisters) 
- equipment replacements (eg. Towers, acid coolers, converter or heat exchangers) 
- splitting or joining of process streams (eg. split of common gas cleaning into separate trains)  
 
All of these reasons mentioned above have a direct or indirect cost impact on the final product and it is therefore 
understood that such projects have to be planned and implemented with the required caution, experience and know 
how. 
3. Influencing factors and aspects to be observed 
A lot of factors have to be observed during the execution of a revamp or upgrade project and most of them have to 
be considered and evaluated already in the beginning to avoid surprises at later stage. 
Similar to the main drivers the influencing factors and aspects differ widely between the various plants and 
operations. It is possible to group into three main groups being external, internal and the plant and its condition as 
such. 
Starting with external factors these include bordering conditions like  
- surrounding infrastructure and neighborhood (eg. remote location or well developed area) 
- suppliers and contractor network 
- funding aspects and obligations (e.g. preferred use of local suppliers and contractors) 
- potential involvement of customers (eg. If gas cleaning and acid plant are separated entities from up- or 
downstream process entities)  
Internal factors can include 
- priorisation of the revamp project within the company 
- targets of the project and their priorisation 
- own resources and capabilities 
- funding aspects 
- scheduling aspects (eg. overall timeframe available, production windows to be observed) 
Factors concerning the plant and equipment as such could be 
- actual condition of the equipment (e.g. welding or lifting possible) 
- actual condition of the affected plant section (e.g. foundations and connected piping and ducting) 
- accessibility and risk to other equipment during demolition and construction activities 
- special aspects of and considerations for the solution to be implemented  
(eg. bricklined vs. alloy towers requires closer look at operation parameters) 
This is only a small selection and each and every case differs. It is of utmost importance to gain a complete as 
possible overview over the influencing factors to select the most suitable solution rather than applying standard 
practices and solutions out of the box or ‘copy/paste’ approaches. It is therefore very recommended to team up properly 
and combine the experience and knowledge in the right and most beneficial way. And it goes without saying that long 
term partnerships are more successful in the implementation of such projects than one time approaches as all involved 
parties are familiar with the possibilities and limitations of the other partners.   
4. Suggested approach to revamp and upgrade projects 
In all cases the project will have to be triggered by the plant owner in reaction to the main drivers described above. 
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Figure 2. 
 
In most cases the first activity could be considered as an orientation or fact finding in various directions such as 
- identification and analysis of main driver (there should be only one ‘top priority’) 
- identification, analysis and priorisation of secondary drivers 
- identification of equipment or plant status 
- identification and involvement of potential partners 
It makes absolutes sense to follow different options during this stage to find the best suitable match for the task at 
hand. On the other hand there is a significant risk in this stage to loose the main target out of sight and to waste time 
and resources by trying to get too much into details at this early stage. 
Once this first phase is concluded and the decision about the project scope has been made the further design bases 
and details could be developed as part of a study. In some case this is done as abankable feasibility study. This phase 
can and should still consider and evaluate alternatives and options but should remain focused. 
In certain cases it makes sense at this stage to execute this phase together with later potential partners as an Open 
Book estimate to reduce overall risk and thereby total project costs. This could even include basic engineering and 
early procurement activities to shorten the schedule. 
Once the final decision has been made to proceed a revamp and modernisation project follows the same rules like 
a CAPEX investment project for a new plant but requires much closer cooperation, monitoring and controlling with 
special attention to schedule compliance. It also requires much more detailed planning for the site activities as these 
interfere in moast cases with the ongoing plant operation. 
Another aspect which has to be carefully considered during the project phase is connection, testing and 
commissioning of added or revamped plant equipment to ensure smooth startup and operation.   
5. Some examples of possible revamps for sulphuric acid plants 
For the purpose of this paper the term sulphuric acid plants shall include the wet gas cleaning section of 
metallurgical acid plants as this plant area is of utmost importance for the downstream drying, converter and absorption 
section and has direct impact on plant performance, product quality and equipment lifetime. 
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Figure 3. Examples – Typical revamps for Sulphuric acid plants 
 
 Following revamp possibilities shall provide an overview but cannot be a complete listing: 
General plant layout 
- Separation of joint gas cleaning and acid sections for different gas sources 
Controls and monitoring 
- Modernization of plant automation 
- Addition of instrumentation (e.g. SO2-, O2- or moisture analysers) 
- Addition of monitoring system to support operators (e.g. PORS for acid coolers or HEROS) 
Wet Gas Cleaning Section 
- Modification of quench tower due to reliability problems (gas inlet nozzle, blockages) 
- Modification or addition of high efficieny scrubber to cope with increased dust content 
- Replacement of water cooled gas cooler (typically lead tube bundle style) with packed gas cooling tower to 
overcome availability, capacity and pressure drop problems 
- Modification or addition of packed gas cooling tower to cope with canged gas conditions 
- Modification or addition of settling tanks to liquid circuits to cope with changed solids content and to reduce 
water consumption 
- Addition of mercury removal unit, including Selenium filter to improve mercury removal  
- Modification to cope with increased Fl content 
- Modifcation or addition of effluent stripping system to eliminate SO2 fuming from effluents 
- Modification, revamp or addition of wet electrostatic precipitators (Wet ESPs) including controls 
- Modification of ducting (FRP to replace lead ducting), pumps and piping 
Drying and Absorption Section 
- Tower repairs or replacements (bricklined or alloy towers) including internals like irrigation systems, 
packing, mist eliminators including change of demister design 
- Addition of heat recovery system like HEROS to produce low pressure steam from absorption heat or boiler 
feed water preheating 
- Acid cooler replacements 
- Addition of tail gas scrubbing system to reduce emission 
- Addition of DeNOx-system to treat nitrolsylic sulphuric acid 
- Addition of SO2-stripper to reduce SO2 emissions in tailgas (carry over through cross flow) 
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- Replacement of cast iron piping with stainless steel piping 
- Addition of intermediate absorption system (revamp to double absorption) 
Sulphur melting and filtration section 
- Modification of solid sulphur handling 
- Modification of ph-monitoring and adjustment 
- Modification of sulphur feed to melting device 
- Change from melting pit to above ground tank (flat or conical bottom depending on solids) 
- Replacement or redesign of heating coils in melting tank 
- Addition of separate sulphur pump tank or precoating tank 
- Modification or addition of sulphur filters 
- Addition of polishing and/or police filters to prevent contamination of clean sulphur in case of filter cake   
problems in main filter 
- Modification of heating system for sulphur storage tank (submerged coils vs. external heating) 
- Modification of sulphur feed to burners (including piping) 
- Modification of sulphur piping and valving (various aspects) 
Sulphur Combustion and waste heat boiler system 
- Modification of sulphur burners (lance type vs rotating cup burner) 
- Modification of furnace bricklining and internals as well as external insulation 
- Modification of waste heat system (including economizers, superheaters, boiler, steam drum) 
- Modification of preheating system (dedicated preheating heat exchanger) 
- Modification of mixing valves and ducting for temperature adjustment 
Converter Group 
- Replacement of gas-gas heat exchangers (e.g. installation of CORD heat exchanger) 
- Replacement, modification or addition of preheater 
- Addition of preconverter or additional catalyst beds 
- Replacement of converter (e.g. bricklined carbon steel converter by stainless steel) 
- Addition of process modules (e.g. LUREC system or boiler system elements) 
- Revamp from single to double absorption to reduce emissions 
6.   Examples - Converter replacement combined with capacity increase in metallurgical acid plant 
After 30 years of operation, the Converter suffered: 
x Deterioration of brickwork 
x Increased SO2-emissions due gas slippage between brickwork 
and shell 
x No additional spare capacity in flow velocity and catalyst load 
Scope of Revamp Project: 
x New Converter (stainless steel) 
x New Heat exchanger (internal) 
x Adaptation of further equipments for the new capacity 
x Demolition of Old Converter and construction of new  
converter within 23 days (annual maintenance shut-down), 
including purging/cooling down, and preheating 
ÆCapacity increased from 1700 tpd to 2200 tpd 
 
 
 
                                             Figure 4. 
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Main features : 
x 4 bed-converter (prefabricated) 
x One internal heat exchanger 
x Material of construction: 304H 
x Outside diameter: 11,2 m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Demolition of old Converter 
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Construction features 
x Construction of new converter next to old converter. 
x New converter pulled in on the existing foundation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. 
7. Example - Replacement of various plant equipments 
x AURUBIS (Norddeutsche Affinerie) Hamburg /  Germany 
o Exchange of various equipment for the capacity increase of three parallel sulphuric acid plants during 
a shut-down period of six weeks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 
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8. Example – Addition of tail gas scrubber to existing sulphuric acid plant 
Peracidox® Revamp 
To cope with increasing environmental requirements Outotec provides the Peracidox ® off-gas cleaning solution 
for SO2 offering the following benefits: 
x No additional chemicals 
o Sulfuric acid as product, 
o no waste water, 
o no residues 
x Low opacity 
x High conversion efficiency (virtually stoichiometric) 
x High reliability 
x Low investment cost 
x High flexibility with respect to various SO2 contents of the gas. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 
9. Example – Replacement of heat exchanger with design upgrade 
The need to replace aged equipment offers also the opportunity to improve reliability, availability or maintainability 
of equipments including newest developments in every detail e.g.: 
State-of-the-art CORD heat exchanger with: 
x Vertical and horizontal section with different tube layout 
x Horizontal section in stainless steel 
x Significant less corrosion and blocking 
x Significant extended life time 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. 
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x Boliden Rönnskär (Sweden) 
o Gas/Gas Heat Exchanger  
replacement with Outotec patented CORD 
design 
o Vertical section with 6200 mm  
diameter and the horizontal section 
with 2900 mm diameter 
o Delivery at place within 6 months 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. 
10. Example – Addition of equipment to cope with higher SO2 tenor 
The LUREC®-technology as add-on unit 
Situation: 
x Strong gases (30-60%-vol. SO2) from smelter processes available 
x Use of oxygen enriched air strategy for smelter capacity increase 
Processing Strong Gases 
x Smaller equipment Æ reduced investment cost 
x Lower gas flow Æ less energy demand 
x Higher SO2-content Æ higher energy rec. potential 
Limitations 
x Thermostability of catalyst (approx.. 630-640°C)                                                   Figure 12. 
requires dilution with air to 13.5-14 vol.-% maximum 
x Existing plants: Design 
x Process patented by Outotec 
x Temperature controlled by recirculation of SO3-containing gas 
x Technical application for gas containing 15-30 %-vol. SO2 and a O2/SO2-ratio of 0.75 
x Only use of proven equipment/units 
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Figure 13. 
 
Basis: 50.000 Nm3/h; 30 %-vol. SO2; 2 %-vol. O2 
Expansion: 55.000 Nm3/h; 45 %-vol. SO2; 2 %-vol. O2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. 
 
x Lower operation cost 
x Lower plant emissions 
x De-bottlenecking of existing plant equipment (lower gas flow, 
lower SO2-content, favourable O2/SO2-ratio, less thermal  
cycles) 
x Minimised interactions to the operation of the existing plant 
x High flexibility to fluctuations in the SO2-content 
x No interference during construction with the operating of the  
existing plant 
 
                                                                                                                                Figure 15. 
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11. Example – Equipment replacement with addition of heat recovery  
system 
Increase plant efficiency with low level heat recovery 
Typical starting point for sulfuric acid plant absorber operation 
x Heat available ~1,900 MJ/tonne acid (~500,000 kcal/t) 
x All transferred to cooling water (using additional energy) 
x Typical acid temperature level 70 … 120°C 
Potential plant efficiency improvement through use of: 
x Hot water preparation, e.g. P2O5-concentration, district heating 
x Boiler feed water pre-heating 
x Potable water production (multiple stage distillation of sea water) 
x LP steam generation, requiring 160 … 220°C acid temperature  
at Intermediate Absorber 
x HP steam production rate boosting – proprietary process 
 
 
 
 
 
                                                                                                                                           Figure 16. 
Recently finished example in metallurgical acid plant 
Plant capacity increased from 800 to 1000 tpd due  
to increase in upstream process 
x Replacement of converter new stainless steel converter 
x Replacement of heat exchangers segmented HXs  
replaced with 2 CORD HXs and 1 disc&donut HX 
x New towers including new FiDi-acid distributor  
DOMAS type in IAT to allow different operating modes 
x Intermediate absorption equipped with HEROS low  
pressure steam system installation finished while  
absorber already in operation 
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12. Example – Replacement of various equipment to adopt to new product requirements 
Hays Chemicals St Helens/UK 
Exchange and Addition of various  
Process Equipment during 
a shut-down period of 2 x two weeks: 
Sulphur Furnace, 
Boiler System, 
Converter, 
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Two Absorption Towers,  
New Oleum/SO3 
- Distillation 
- Condensation 
- Blending 
- Loading Facilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                           Figure 18. 
 
 
13. Example – Addition of DeNOx-unit 
KGHM 
Glogow / Poland 
Installation of NOx-Removal Package 
Unit to clean nitrosyl sulphuric acid: 
- Installation of package unit within 3 days 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                               Figure 19. 
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14. Example – addition of various equipment for capacity and availability increase 
Revamp and capacity increase of the  
sulphuric acid plant during a shut-down  
period of six weeks: 
red: construction prior to shut-down 
green:  construction during shut-down 
yellow:  demolition during shut-down 
grey:  existing plant during shut-down 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                       
                                                   Figure 20. 
Second stage … 
 
Study to split process gas trains  
of the gas cleaning and  
sulphuric acid plant for increase  
of availability and capacity 
Revamp to be executed in stages  
during running production  
and 2 maintenance shut-downs 
Considered scope: 
- new quench towers 
- SO2 scrubber 
- new converter section  
- New heat exchangers 
- New FAT 
- New candle filters for IATs 
- New and rerouted ducting 
 
 
 
 
 
 
 
                                                            Figure 21. 
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15. Example – material upgrade for acid piping and distributor 
Since April 2010 Edmeston supplies as a member of the Outotec Group  
SX Solutions to the sulfuric acid industry. 
Edmeston, located in Gothernburg, Sweden, is a well-known 
engineering company established 1984, specialized in  
industrial equipment for corrosive, high temperatures environments 
SX Piping offering benefits through low corrosion and low erosion with: 
x clean acid and no contamination from corrosion products  
x reduced pipe size resulting in light weight design 
x easy installation 
Further advantages gained by the welded system: 
x flanges replaced by welds reducing potential leaks 
x prefab possibilities 
x field modifications easy 
x eliminate spare inventory 
Figure 22. 
 
With the Outotec FiDiTM Irrigation System a modern improved solution can be offered 
Benefits: 
x Simplified design manufactured from SX® Alloy 
x Reduced investment costs 
x Minimum requirements for maintenance 
x Long lasting 
x Reduction of carry over of sulfuric acid 
x Optimized acid distribution by fluid dynamic analysis 
x Improved free gas flow area with new FIDITM Irrigation  
system (from 45-60% with common systems up to 65 to 75%) 
 
 
Figure 23. 
References: 
x Evonik Marl (IAT)  * Noracid  * Korea Zink (IAT with HEROS) 
x Kayelekera  * Pequiven  * Cajamarquilla (IAT) 
 
16. Summary – Nothing new? 
x Set clear targets and limits for the project 
x Consider options and latest developments at early stage 
x Define timeframe and observe critical milestones 
x Select the right setup and partners 
x Joint and coordinated effort of all involved parties 
 
 
 
 
 
